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ABSTRACT 

During t h i s  p e r i o d  s t u d i e s  on t h e  emiss ion  s p e c t r a  produced by 

e l e c t r o n  bombardment of low p r e s s u r e  gases h a s  cont inued .  The g a s e s  

s t u d i e d  and t h e  e m i s s i o n s  observed i n c l u d e :  

CHq + e -9C3, CH, CH', H 

C2H2 + E .-*,c,, CH, a+, H 

CH3 C P CH + €'--C2, CH, CH', H 

CH2 C = CH2 +e- C 2 ,  CH, CH', H 

The s e l e c t i v e  p r o d u c t i o n  of C3 o r  C2 from t h e s e  s imple molecules  may 

have impor tan t  cometary i m p l i c a t i o n s .  The p r o d u c t i o n  of C from CH4 

i n  t h e s e  exper iments  must occur  by a very r a p i d  r e a c t i o n .  The i n t e n s i t y  

of t h e  C emiss ion  w a s  found t o  i n c r e a g e  i n  exper iments  u s i n g  low energy 

e l e c t r o n s .  R e s u l t s  of t h e s e  experiments  are p r e s e n t e d  and d i s c u s s e d .  

3 
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S t u d i e s  of t h e  r a t e  of t h e  c o l l i s i o n a l  i n t e r c h a n g e  of t h e  s i n g l e t  

and t r i p l e t  s ta tes  of C2 have cont inued .  Measurements i n  shock hea ted  

cyanogen show t h a t  t h e  s i n g l e t  s t a t e  i q  produced more r a p i d l y  t h a n  t h e  

t r i p l e t  s ta te .  A q u a n t i t a t i v e  d e t e r m i n a t i o n  h a s  been made of t h e  s t e a d y  

s ta te  c o n c e n t r a t i o n  l e v e l s  of s i n g l e t  C2 observed .  Measurements l e a d i n g  

t o  a ra te  f o r  t h e  c o l l i s i o n a l  i n t e r c h a n g e  are  i n  p r o g r e s s .  
I 

Photochemical  decomposi t ion i n  t h e  f a r  u l t r a v i o l e t  of methyl 

a c e t y l e n e  a t  low p r e s s u r e  h a s  been i n i t i a t e d .  Photochemical  decompo- 

s i t i o n  l e a d s  t o  t h e  format ion  of molecular  hydrogen, a tomic  hydrogen 

and  a c e t y l e n e .  Molecular  hydrogen f o r m a t i o n  assumes i n c r e a s i n g  impor- 

t ance  r e l a t i v e  t o  o t h e r  p r o c e s s e s  a t  s h o r t e r  wavelength.  Direct 

p r o d u c t i o n  of C2 from methylace ty lene  a p p e a r s  t o  be c o n s i d e r a b l y  
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less  impor t an t  than  it i s  i n  t h e  decomposi t ion of a c e t y l e n e  o r  d i a c e t y l e n e .  
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1. SHOCK TUBE STUDIES: C o l l i s i o n a l  Energy T r a n s f e r  f o r  S i n g l e t  and 
T r i p l e t  S t a t e s  of C2 

The r a t e  of t h e  c o l l i s i o n a l  i n t e r s y s t e m  c r o s s i n g  f o r  C2 i s  

impor tan t  i n  e v a l u a t i n g  t h e  r o l e  of molecular  c o l l i s i o n s  i n  t h e  

i n n e r  coma of a comet. 

de te rmine  t h i s  ra te .  

Work h a s  c o n t i n u e d  t h i s  q u a r t e r  t o  

Both t h e  b 'Tu and X' 3ru e l e c t r o n i c  

s ta tes  of C were observed l a s t  q u a r t e r  i n  shock h e a t e d  cyanogen. 2 

P h o t o e l e c t r k  r e c o r d i n g  of t h e  a b s o r p t i o n  by t h e s e  e l e c t r o n i c  

s ta tes  t h i s  q u a r t e r  h a s  r e s u l t e d  i n  t h e  d e t e r m i n a t i o n  of t h e  

s t e a d y  s t a t e  c o n c e n t r a t i o n s  of t h e  b 'Tu sta t e .  

e v i d e n c e  f o r  t h e  c o l l i s i o n a l  p r o d u c t i o n  of t h e  t r i p l e t  s t a t e  

from t h e  s i n g l e t  s t a t e  i s  p r e s e n t e d  and d i s c u s s e d .  

P r e l i m i n a r y  

1.1 Exper imenta l  

The a b s o r p t i o n  measurements t h i s  q u a r t e r  have been conducted 

i n  t h e  2.5 i n c h  I D  aluminum shock t u b e  d e s c r i b e d  i n  p r e v i o u s  

r e p o r t s .  A c h a r a c t e r i s t i c  f l a s h  lamp c o n t a i n i n g  1 0  t o r r  d imethyl -  

mercury was used as the s p e c t r a l  s o u r c e .  T h i s  lamp e m i t s  t h e  

s i n g l e t  Deslandres-d'Ajambuja system and  t h e  t r i p l e t  Swan system 

i n  a d d i t i o n  t o  t h e  s t r o n g  mercury l i n e s  a t  3650 g, 4358 A ,  and 

5460 A". 
v i o l e t  emiss ion .  F r e e  of  a i r  t h e  lamp c o n t a i n s  no measurable  CN 

emiss ion .  The lamp o u t p u t  p a s s e s  through q u a r t z  windows l o c a t e d  

i n  t h e  w a l l  of t h e  shock tube and i s  brought  t o  f o c u s  on t h e  

e n t r a n c e  s l i t s  of a Bass-Kessler g r a t i n g  s p e c t r o g r a p h .  Two 

movable e x i t  s l i t s  are l o c a t e d  i n  t h e  f o c a l  p l a n e  of t h e  spec- 

t r o g r a p h  camera. 1P28 photo tubes  are f i t t e d  t o  t h e  e x i t  s l i t s  

0 

A d d i t i o n  of a i r  t o  t h e  lamp r e s u l t s  i n  very  i n t e n s e  CN 
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and t h e i r  o u t p u t s  are  recorded  on t h e  chopped sweep of a n  

o s c i l l o s c o p e .  The r e s p o n s e  t i m e  of t h e  p h o t o t u b e s  and a s s o -  

c i a t e d  e l e c t r o n i c s  i s  5 p s e c .  

The shock v e l o c i t i e s  were determined from two p l a t i n u m  

h e a t  t r a n s f e r  gauges l o c a t e d  50 mm e i t h e r  s i d e  of t h e  absorp-  

t i o n  windows. The o u t p u t  of t h e  gauges w a s  r e c o r d e d  on a 

d i r e c t  r e a d i n g  d i g i t a l  timer which r e s u l t e d  i n  a n  v e l o c i t y  

measurement accuracy  of + . 2 % .  Marks from t h e  shock f r o n t  

p a s s i n g  t h e  gauges were a l s o  superimposed on t h e  o s c i l l o s c o p e  

a b s o r p t i o n  traces s o  t h a t  t h e  t i m e  f o r  a b s o r p t i o n  a f t e r  p a s s a g e  

t h e  shock f r o n t  could  be determined.  The s i g n a l  from a t h i r d  

h e a t  t r a n s f e r  gauge l o c a t e d  ups t ream was used t o  i n i t i a t e  t h e  

f l a s h  lamp and t r i g g e r  t h e  o s c i l l o s c o p e  a f t e r  a p r e s e t  d e l a y  

t i m e  . 

- 

The a b s o r p t i o n  of t h e  c lTg 3 b 'Tu system of C2 

h a s  been recorded  a s  a f u n c t i o n  of t i m e  t h i s  q u a r t e r  f o r  

m i x t u r e s  of 2 .5 ,  5 and 10 p e r c e n t  cyanogen i n  a rgon  i n  t h e  

tempera ture  r a n g e  2000' K t o  2800' K .  

mercury l i n e  was r e c o r d e d  s imul taneous ly  t o  monitor t h e  back- 

ground a b s o r p t i o n .  Emission i n t e n s i t i e s  were r e c o r d e d  under 

s imilar  shock c o n d i t i o n s  and  where n e c e s s a r y  were s u b t r a c t e d  

from t h e  a b s o r p t i o n  i n t e n s i t i e s  t o  o b t a i n  t h e  c o r r e c t  l e v e l  

of a b s o r p t i o n .  The spec t rometer  band p a s s  w a s  2 .0  A and was . 

set  a t  t h e  head of t h e  (0,O) band a t  3852.2 which covered 

t h e  l i n e s  J = 2  t o  J=19 i n  t h e  P branch.  

0 
A b s o r p t i o n  of t h e  3650 A 

0 

2 



1. 

Temporal a b s o r p t i o n s  of t h e  C2 Swan band a t  5165 8 and t h e  

CN v i o l e t  bands a t  3883 8 a n d  3862 1 a r e  p r e s e n t l y  under i n v e s -  

t i g a t i o n .  To d a t e  s t u d i e s  have been made i n  2.5 and 10 p e r c e n t  

m i x t u r e s  of cyanogen i n  argon.  

recorded  s imul taneous ly  w i t h  t h e  continuum a b s o r p t i o n  a t  4358 f 

and 5460 1, and t h e  CN a b s o r p t i o n  h a s  been r e c o r d e d  s imul taneous ly  

w i t h  t h e  continuum a b s o r p t i o n  a t  3650 A .  

R e s u l t s  

The C2 a b s o r p t i o n  h a s  been 

0 

1 C2 b Tu S t a t e :  

A t y p i c a l  o s c i l l o s c o p e  a b s o r p t i o n  r e c o r d  i s  shown i n  

f i g u r e  l a .  The shock f r o n t  a r r i v e s  a t  t h e  a b s o r p t i o n  windows 

a t  a p o i n t  midway between t h e  gauge marks shown on t h e  lower 

t race.  

shock f r o n t  and a de layed  background a b s o r p t i o n  a t  3650 A .  

Two f l a s h e s  of t h e  lamp wi thout  a b s o r p t i o n  are shown i n  f i g u r e  

l b .  

T h i s  trace shows r a p i d  a b s o r p t i o n  of s i n g l e t  C2 a t  t h e  

0 

For a l l  t h e  C2 s i n g l e t  r e c o r d s  t h e  a b s o r p t i o n  i s  observed 

t o  r i s e  s h o r t l y  ( 4 1 0 p s e c )  a f t e r  p a s s a g e  of t h e  shock f r o n t  

and l e v e l  o f f  t o  a p l a t e a u  which i s  main ta ined  u n t i l  t h e  back- 

ground a b s o r p t i o n  begins .  The m a j o r i t y  of t h e  r e c o r d s  show 

a n  a b s o r p t i o n  maxima approximately 50 p s e c  a f t e r  t h e  f r o n t  

w i t h  a subsequent  d e c r e a s e  t o  t h e  p l a t e a u  v a l u e .  The p l a t e a u  

v a l u e s  of t h e  o p t i c a l  d e n s i t y  as  a f u n c t i o n  of measured shock 

speed are p l o t t e d  i n  f i g u r e  2 .  These v a l u e s  have been normal- 

i z e d  t o  a 10 t o r r  (S’ITP) cyanogen shock d e n s i t y  b e f o r e  r e a c t i o n  

3 



E7290 

a) LAMP F L A W  WITH SHOCK 

INTENSITY AT 
3852 8 1 
INTENSITY AT 
3650 8 1 

J 
0:8 1.3 

TIME (MSEC) 

b) LAMP FLASH WITHOUT SHOCK 

INTENSITY AT 
3852 8, 

INTENSITY AT 
3650 

1 
0: 3 1.3 

TIME (MSEC) 
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E7291 

2.5% C2N2 

1.6 

A 

A 

1.7 1.8 
SHOCK SPEED rnm/Msec 
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i n  o r d e r  t o  s e p a r a t e  t h e  d a t a  f o r  d i f f e r e n t  c o n c e n t r a t i o n  

r u n s .  Only t h e  r u n s  f o r  which good v e l o c i t y  measurements 

were o b t a i n e d  and which showed a good p l a t e a u  are i n c l u d e d  

i n  t h i s  f i g u r e .  The shock speeds cor respond t o  t h e  tempera- 

t u r e  range  of approximate ly  2100' K t o  2800° K .  These temper- 

a t u r e  v a l u e s  have been c a l c u l a t e d  from a real  shock t u b e  

program assuming no r e a c t i o n .  A c c u r a t e  shock p a r a m e t e r s  f o r  

t h e s e  r u n s  must i n c l u d e  t h e  e f f e c t s  of chemical  r e a c t i o n .  

T h i s  i s  d i s c u s s e d  i n  t h e  next s e c t i o n .  

The c o n c e n t r a t i o n s  o f  t h e  b lru sta te  i n  t h e  shock 

h e a t e d  gas  can be determined from t h e  o p t i c a l  d e n s i t y  mea- 

surements  as  f o l l o w s .  According t o  Penner ' ,  w e  can w r i t e  

where : 

p i s  t h e  p a r t i a l  p r e s s u r e  i n  a tmospheres  of t h e  a b s o r b i n g  
molecule  s 

1 i s  t h e  p a t h  l e n g t h  i n  c m  

a i s  i n  wavenumbers 

A, i s  t h e  spec t rometer  band p a s s  i n  wavenumbers 

P i s  t h e  a v e r a g e  e f f e c t i v e  s p e c t r a l  a b s o r p t i o n  c o e f f i c i e n t  

W e  may a l s o  wri te :  

where : 

A i s  Avogadro 's  number 

6 



i s  t h e  o s c i l l a t o r  s t r e n g t h  f o r  t h e  l i n e s  i n  t h e  band 
p a s s .  

f l + U  

S i n c e  a large number of l i n e s  cover  t h e  ent i re  s p e c t r a l  band, 

t h e  i n t e g r a l  of t h e  a b s o r p t i o n  c o e f f i c i e n t  i n  e q u a t i o n  ( 2 )  can 

be r e p l a c e d  by a n  e f f e c t i v e  c o e f f i c i e n t  as  i n  e q u a t i o n  (1). 

The f o l l o w i n g  resul ts :  

2 
P - - T I n  (IO/I> h R m c  (3)  

f 4 4 1  A n e L  

To o b t a i n  t h e  p r e s s u r e  of a l l  t h e  molecules  i n  a n  e l e c t r o n i c  

state e x p r e s s i o n  e q u a t i o n  ( 3 )  must be d i v i d e d  by t h e  r a t i o  of 

t h e  molecules  i n  t h e  absorb ing  r o t a t i o n a l  l e v e l s  t o  t h e  t o t a l  

p o p u l a t i o n .  A t  e q u i l i b r i u m  t h i s  can be w r i t t e n :  

where : 

E i s  t h e  energy of t h e  r o t a t i o n a l  l e v e l s  

Qr and Qv are r e s p e c t i v e l y  t h e  r o t a t i o n a l  and v i b r a t i o n a l  
p a r t i t i o n  f u n c t i o n s  f o r  t h e  a b s o r b i n g  s ta te .  

The f i n a l  e x p r e s s i o n  p e r t i n e n t  t o  our work on C2 s i n g l e t  

w h e r e l =  6.48 c m  and Ab.)-13.6 c m - l  i s  

( 3 . 4 6 ~ 1 0 - ~ ~ )  T ln( Io / I )AV 
p(atm) = ( 5 )  

The QT v a l u e s  p e r t i n e n t  t o  t h e s e  s t u d i e s  have been e v a l u -  

The a t e d  and r a n g e  from 0.243 a t  2000' K t o  0 .154 a t  2800° K .  

average  o p t i c a l  d e n s i t y  i s  o b t a i n e d  d i r e c t l y  from t h e  p h o t o g r a p h i c  

7 



r e c o r d s  of t h e  o s c i l l o s c o p e  and t h e  tempera ture  i s  c a l c u l a t e d  

from t h e  measured shock speed. The l a r g e s t  e r r o r  l a y  i n  t h e  

c h o i c e  of t h e  f v a l u e  f o r  t h e  t r a n s i t i o n .  The only  v a l u e  

a v a i l a b l e  f o r  t h i s  t r a n s i t i o n  i s  t h e  t h e o r e t i c a l  v a l u e  of 

0.065 r e p o r t e d  by C l e m e n t i  . I f  w e  assume t h i s  v a l u e  i s  

c o r r e c t  f o r  t h e  en t i r e  t r a n s i t i o n ,  w e  must e s t i m a t e  a v a l u e  

p e r t i n e n t  t o  our measurements since t h e y  i n v o l v e  only  a 

r e l a t i v e l y  small number of l i n e s .  E s t i m a t i n g  a c o r r e c t i o n  

t o  t h i s  v a l u e  because of a b s o r p t i o n  i n  t h e  R branch and  i n  

t h e  ( 1 , O )  t r a n s i t i o n  w e  a r r i v e  a t  a v a l u e  of -0.03. Using 

t h i s  v a l u e  t h e  c o n c e n t r a t i o n s  covered i n  f i g u r e  (1) r a n g e s  

from approximate ly  8 ~ 1 0 - ~  t o r r  a t  2100' K t o  0.16 t o r r  a t  

2800' K .  It should  be noted t h a t  t h e  c h o i c e  of a n  o s c i l l a t o r  

s t r e n g t h  w i l l  a f f e c t  t h e  va lue  of t h e  a b s o l u t e  c o n c e n t r a t i o n s  

but  w i l l  have no e f f e c t  on  t h e  r e l a t i v e  c o n c e n t r a t i o n s .  

2 

C 2 ,  X' 3ru and CN, X 2 Z +  S t a t e s :  

Temporal a b s o r p t i o n  measurements of t r i p l e t  C r e v e a l  2 

a d e l a y  t i m e  of approximately 200 p sec f o r  t h e  o n s e t  of 

a b s o r p t i o n  i n  a 10% cyanogen - argon m i x t u r e  a t  approximate ly  

2800' K.  shown some background 

continuum a b s o r p t i o n  under s i m i l a r  c o n d i t i o n s .  However, t h e  

m a j o r i t y  of t h e  a b s o r p t i o n  i s  a t t r i b u t e d  t o  t h e  C Swan band. 

One experiment  a t  Tq >3000° K i n  a 2.5 p e r c e n t  cyanogen 

m i x t u r e  showed a r a p i d  increase i n  Swan band a b s o r p t i o n  a t  t h e  

shock f r o n t .  There i s  t o t a l  a b s o r p t i o n  of t h e  (0,O) CN v i o l e t  

S t u d i e s  a t  4358 8 and 5460 

2 
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band a t  3883 1 under t h e s e  c o n d i t i o n s .  

i n  a 1 0  p e r c e n t  cyanogen - argon m i x t u r e  r e s u l t e d  i n  a s t e a d y  

s ta te  o p t i c a l  d e n s i t y  of 1.4 a t  t h e  CN v i o l e t  band head a t  3862 h!. 
A l l  t h e  r u n s  show a r a p i d  r i s e  i n  CN a b s o r p t i o n  s h o r t l y  a f t e r  

passage  of t h e  shock f r o n t .  

A n  experiment  a t  2300' K 

1 . 3  D i s c u s s i o n  

The shock parameters  ( t e m p e r a t u r e ,  d e n s i t y  and p r e s s u r e )  

as  d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n  have been c a l c u l a t e d  from 

a real g a s  program assuming no chemical  r e a c t i o n .  These v a l u e s  

are r e l i a b l e  fo r  t h e  lower tempera tures  b u t  w i l l  d e v i a t e  from 

t h e  t r u e  v a l u e s  a t  t h e  h igher  t e m p e r a t u r e s  because of t h e  h i g h  

endothermic i ty  of t h e  cyanogen decomposi t ion r e a c t i o n  ( A H  = 

The AT 125 k c a l )  and t h e  i n c r e a s e d  e x t e n t  of decomposi t ion 3 . 
i n  t h e  shocked gas due t o  chemical r e a c t i o n  h a s  been e s t i m a t e d  

t o  be as  l a r g e  as  -2OOO K a t  2500' K .  A n  e q u i l i b r i u m  computer 

program f o r  c a l c u l a t i o n  of t h e  t r u e  shock p a r a m e t e r s  i n c l u d i n g  

e f f e c t s  due t o  chemical  r e a c t i o n s  i s  be ing  sent t o  u s  by 

Cornel1 A e r o n a u t i c a l  L a b o r a t o r i e s ,  I n c .  i n  B u f f a l o  and w i l l  be 

r u n  s h o r t l y .  

The decomposi t ion of cyanogen i n  t h e  tempera ture  r a n g e  

s t u d i e d  h e r e  h a s  been demonstrated t o  occur by t h e  second 

o r d e r  r e a c t i o n  
3 

A r  + C2N2 -* 2 CN + A r  

W e  f e e l  t h a t  t h e  p r o d u c t i o n  of s i n g l e t  C2 very c l o s e  t o  t h e  

shock f r o n t  s u g g e s t s  t h a t  C2 i s  being formed by t h e  r e a c t i o n  
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1 +  2 CN (X  2 ' )  -9 C2 (X '2;) + N2 ( X  2 ) 

1 +  The C ~ ( X '  2 g )  should e q u i l i b r a t e  r a p i d l y  w i t h  t h e  C2(b kU ) 
state  measured h e r e .  

d u c t i o n  of t h e  s i n g l e t  s t a t e  f rom t h e  decomposi t ion of C2N2 

bu t  t h i s  i s  unappea l ing  s i n c e  i t  i s  d i f f i c u l t  t o  e n v i s i o n  a 

r e a s o n a b l e  r e a c t i o n  complex t h a t  would decompose t o  C 2  and 

N2. 

t h e i r  c o n c e n t r a t i o n s  w i l l  be low near t h e  shock f r o n t .  F u t u r e  

r a t e  s t u d i e s  a t  lower c o n c e n t r a t i o n s  and h i g h e r  shock d e n s i t i t e s  

w i l l  f i r m l y  e s t a b l i s h  t h e  r a t e  p r o c e s s  r e s p o n s i b l e  f o r  t h e  

s i n g l e t  C p r o d u c t i o n .  

Another p o s s i b i l i t y  would be d i r e c t  p ro-  

P r o d u c t i o n  from more complex p r o d u c t s  i s  r u l e d  o u t  s ince  

2 

The s t e a d y  s ta te  c o n c e n t r a t i o n  l e v e l s  c a l c u l a t e d  from 

t h e  a b s o r p t i o n  r e c o r d s  and r e p o r t e d  i n  t h e  p r e v i o u s  s e c t i o n  are 

h i g h  b u t  are w i t h i n  r e a s o n a b l e  l i m i t s  f o r  t h e s e  exper iments .  

The cause of t h e  overshoot  of t h e  C2 s i n g l e t  a b s o r p t i o n  - 5 0  

p s e c  a f t e r  p a s s a g e  of t h e  shock f r o n t  i s  n o t  known. However, 

one p o s s i b i l i t y  i s  t h a t  i t  i s  due t o  de layed  r e l a x a t i o n  p r o c e s s e s  

near  t h e  f r o n t .  T h i s  assumption i s  r e a s o n a b l e  s i n c e  f o r  t h e  g a s  

tempera ture  and d e n s i t y  range s t u d i e d  h e r e  a molecule  w i l l  s u f f e r  

on ly  about  l o4  c o l l i s i o n s  i n  one microsecond of l a b o r a t o r y  tes t  

t i m e .  

The d e l a y  observed f o r  t h e  o n s e t  of t h e  C2 t r i p l e t  absorp-  

t i o n  i s  very  encouraging s i n c e  it does demonst ra te  a d i f f e r e n t  

t i m e  dependence f o r  t h e  product ion  of t h e  s i n g l e t  and t r i p l e t  

s ta tes  of C The t r i p l e t  s t a t e  might b e  produced d i r e c t l y  2' 
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from t h e  s i n g l e t  by a c o l l i s i o n a l  p r o c e s s ,  d i r e c t l y  from r e a c -  

t i o n s  of CN r a d i c a l s ,  or by decomposition of h i g h e r  molecular  

weight  p r o d u c t s  (polymers) .  One r u n  a t  a lower c o n c e n t r a t i o n s  

of cyanogen (2.5%) and a h igher  tempera ture  ( >3000° K )  h a s  

y i e l d e d  t r i p l e t  a b s o r p t i o n  s h o r t l y  a f t e r  a r r i v a l  of t h e  shock 

f r o n t .  There  w a s  no  continuum a b s o r p t i o n  observed f o r  t h i s  

run .  

p r o d u c t i o n  i s  less s t r o n g l y  dependent on c o n c e n t r a t i o n  t h a n  

t h e  r a t e  of polymer p r o d u c t i o n .  W e  t h e r e f o r e  p r e s e n t l y  f e e l  

t h a t  t h e  C2 t r i p l e t  i s  n o t  produced from polymer i n t e r m e d i a t e s  

i n  t h e  shock hea ted  gas. F u t u r e  r a t e  s t u d i e s  w i l l  d i s t i n g u i s h  

between C2 t r i p l e t  p r o d u c t i o n  by r e a c t i o n  of CN r a d i c a l s  and 

p r o d u c t i o n  from s i n g l e t  C2 by a c o l l i s i o n a l  p r o c e s s  s ince  t h e  

r a t e  w i l l  be  second o r d e r  i n  CN f o r  t h e  former p r o c e s s  and 

f i r s t  o r d e r  i n  s i n g l e t  C2 f o r  t h e  lat ter.  

T h i s  experiment s u g g e s t s  t h a t  t h e  r a t e  of t r i p l e t  C2 

2 F u t u r e  s t u d i e s  of t h e  s i n g l e t  and t r i p l e t  s ta tes  of C 

w i l l  p l a c e  emphasis on t h e  d e t e r m i n a t i o n  of t h e  r a t e s  i n  low 

c o n c e n t r a t i o n s  m i x t u r e s  of cyanogen i n  a rgon .  T h i s  w i l l  r e s u l t  

i n  a reduced ra te  of p r o d u c t i o n  of s i n g l e t  C2 r e l a t i v e  t o  

t r i p l e t  C2 and w i l l  h e l p  e l i m i n a t e  i n t e r f e r e n c e  due t o  back- 

ground continuum a b s o r p t i o n .  A b s o r p t i o n  of t h e  s i n g l e t  and 

t r i p l e t  C s t a t e s  w i l l  a l s o  be recorded  s i m u l t a n e o u s l y  i n  t h e  

same shock. The shock parameters  w i l l  determined from t h e  

e q u i l i b r i u m  computer program and t h e  a b s o r p t i o n  r e c o r d s  of 

b o t h  t h e  s i n g l e t  and t r i p l e t  systems w i l l  be a n a l y s e d  a s  

2 
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In a d d i t i o n  t o  informat ion  on t h e  ra te  of t h e  c o l l i s i o n a l  

i n t e r s y s t e m  c r o s s i n g  f o r  C 2 ,  t h e  p r e s e n t  work promises  t o  y i e l d  

i n f o r m a t i o n  on t h e  rate of p r o d u c t i o n  of s i n g l e t  C2 from t h e  

r e a c t i o n  of CN r a d i c a l s .  This  i s  impor tan t  t o  a n  u n d e r s t a n d i n g  

of cometary p r o c e s s e s  because of t h e  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n  

of CN i n  cometary coma. Continued work might  a l so  l e a d  t o  a 

d e t e r m i n a t i o n  of t h e  o s c i l l a t o r  s t r e n g t h  f o r  t h e  c 

b Tu system of C 2 .  

t r a t i o n s  of s i n g l e t  C can be determined independent ly  of t h e  

o p t i c a l  d e n s i t y  d a t a .  The e q u i l i b r i u m  shock program w i l l  be 

1 T h i s  w i l l  be  p o s s i b l e  i f  t h e  concen- 

2 

ex t remely  h e l p f u l  i n  t h i s  r e s p e c t .  

1.4 R e f e r e n c e s  
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p .  20. 

b. E .  C l e m e n t i ,  As t rophys .  J .  132,  898 (60) .  

c .  W.  Tsang,  S .  H.  Bauer and M. Cowperthwaite,  J .  Chem. Phys .  
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2. EXCITATION OF SPECTRA BY ELECTRON BOMBARDMENT 

=ci ta t ion of appropriate parent molecules by electron and proton 

bombardment w i l l  produce radicals and ions observed i n  comets. 

of corpuscular radiation i n  the production of the observed species has 

received some theoret ical  consideration l-4 but these have been hampered by 

the lack of quantitative opt ical  excitation data. 

The importance 

Except f o r  some recent 

work with N 2 d ,  the data reported t o  date r e l a t e  only t o  atomic and diatomic 

systems 6 . A se r i e s  of experiments, without quantitative cross-section data, 

has been reported 7 f o r  electron-impact excitation of OH produced from H20,  

H 2 0 2  and several alcohols. 

Experiments i n  t h i s  laboratory will provide quantitative opt ical  

exci ta t ion data f o r  important polyatomic molecules which include CH4, H20,  

"3, C2H2 and C3O2. In  addition, osc i l la tor  strengths can be measured f o r  

any observed system of interest .  

During t h i s  quarter studies were continued with CH4 and C2H2. In  

addition, limited studies were carried out with CH3CECH and CH2=C=CH2. 

Several experiments were carried out with H 2 0  and mixtures of H2O+CH4 but 

no analysis of these experiments are  available at  t h i s  time. 

2.1 Ekperimental 

The electron bombardment studies were carried out i n  a high vacuum 

system containing an electron gun and a col l is ion chamber, isolated from one 

another by apertured disks. 

inch diffusion pumps with a pumping speed of 150 l/sec, equipped with l i qu id  

nitrogen cooled zeol i te  traps. The system was capable of producing a vacuum 

The chambers were d i f fe ren t ia l ly  pumped by four- 
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less than loo7 to r r .  

could be maintained i n  the  lo4  t o r r  region. 

i n  the chamber was i n  the  range of lo4  - 

During gas bonibardment, t he  pressure i n  the  gun chamber 

The residence time f o r  a molecule 

sec, 

The gas under study was introduced i n t o  the  co l l i s ion  chamber through 

a servo-controlled leak sensing on a capacitance type micromanometer. 

manometer measured the  pressure i n  a small bore tube leading t o  the co l l i s ion  

chamber. 

k l O - 4  t o  5xlOo2 t o r r  as recorded by a pa i r  of thermistors i n  the  chambero 

The emission produced from the interact ion of the  gas and electron beam was 

monitored through a sapphire window opposite a screened aperture cut  i n  the  

side of the co l l i s ion  chamber. 

The 

Nominal operating pressures i n  the  co l l i s ion  chamber were from 

The co l l i s ion  chamber and electron col lector  were mated t o  an 

electron gun b u i l t  from a commercial gun k i t  (Nuclide type 606). 

employed a tungsten ribbon filament operated a t  18000~~ 

located O.7cm from the co l l i s ion  chamber, the intervening space being 

occupied by accelerating and focusing grids, 

500 ev could be obtained i n  the  col l is ion chamber a t  up t o  500 ua, 

vacuum baffle between the gun and co l l i s ion  chamber e f fec t ive ly  l imited the  

amount of scattered filament l i g h t  seen by the  spectrometer. 

The gun 

The filament was 

Electron energies from 70 t o  

The 

The emission spectra were recorded photometrically using both a 

Bausch and Lomb (f/3.5) grating monochromator and a Jarrell-Ash 0,s Meter 

B e r t  Scanning Spectrometer (f/8.6) 0 

with t h e  photomultiplier and wavelength outputs driving an X-Y p lo t te r ,  

monochromator was used f o r  gross spectra s tudies  i n  the wavelength region 

The B&L monochromater was motor driven 

The 
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. 

from about 2000 

t ion  studies i n  the same wavelength region. 

0.2A resolution i n  f irst  order with a 1180 growes/inch grating. (. 

2*2 Results and Discussion 

t o  6000 8. The 0.5 meter B e r t  was used f o r  high resolu- 

This  instrument has a t  least 

Molecules studied t h i s  quarter include CHk9 C2H2, CH3CzCH and 

CHz=C=CH2, 

due t o  the complexity of the experimental system and the resul ts ,  the data 

i s  onlyvery  qualitative. 

To date, the most extensive data has been taken with CH4, but 

"he data obtained with the other molecules i s  

likewise only qualitative. The molecules studied do not appear t o  have 

similar excitation cross sections and def in i te ly  do not produce s imilar  

emission spectra. 

2.2.1 Methane, CHL 

Photoelectric recordings of these emissions were taken from about 

2000-6000 I? Over a pressure range 10-3 - lom4 torr. 

500 f and 50 &in. 

Emissions were observed from atomic hydrogen, CH, CH* and C30 The emission 

of each species was very dependent on the pressure, electron energy and gun 

current. The most intense emission observed under most conditions was due 

Scanning speeds used were 

"he electron energies were varied from 80-250 eV. 

t o  the CH radical. The electronic t ransi t ions observed were: 

CH A ~ A - >  x 2 ~  

CH' TI--> e 

c3 T- 

B2 2,. --j, X2 

H Balmer Series 
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A ser ies  of experiments were carried out t o  Lmrestigate the general 

conditions fo r  C3 production. 

pressure and decreasing electron energy, 

range covered f o r  these experiments was 20 t o  35p and 80 t o  250 eV respectively, 

It was found tha t  t he  emission increased with 

The pressure and electron energy 

Increasing the beam current f o r  a given value of pressure and electron energy 

a l so  increases the  4050 8 emissione 

an increase i n  the number of reacting par t ic les  and not t o  a mechanism change. 

This l a t t e r  e f fec t  i s  probably due t o  

The ef fec t  observed with electron energy probably indicates different  species 

are  responsible f o r  the C3  emission which are  favored by low energy electrons. 

20202 Acetylene, CH=CH 

Photoelectric recording of the emissions produced from electron 

bombardment of acetylene were made over the pressure range of 2-2Op The 

beam current and electron energy was 1 8 0 ~ a  and 250 eV respectively, 

was made at  500 @/mino 

and '22. 

Scanning 

Emissions were observed from atomic hydrogen, CH, CH' 

The electronic t ransi t ions observed were: 

CH A* A-X2 
2 B2 A - X  

CH* TT- 
c2 A3 n--3 X3V 
H Balmer Series 

The C2 Swan bands are  re la t ive ly  strong i n  these experiments. The High 

Pressure system i s  a l so  found i n  comparable intensity.  On the basis of these 

experiments it i s  expected tha t  the C2 s inglet  system i s  a l so  being formed 
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and w i l l  be observed when the infrared region i s  examined, 

2.203 Methylacetylene, CH3CSCH - 
Photoelectric recording of these emissions were taken f rom about 

2000-6000 l? Over a pressure range o f  2 t o  20pwith a scanning speed of 500 &/ 

mine 

Emissions were observed from atomic hydrogen, CH, CH' and C2. 

The beam currents used ranged f rom 280 t o  SlW with 250ev electronso 

The electronic 

t rans i t ions  observed f o r  these radicals were ident ica l  t o  the acetylene 

experiments with the exception t h a t  C2 Swan bands a re  not excited. The C2 

high pressure bands are  present. 

Allene, CH2=C=CH2 

Photoelectric recording of these emissions were taken from about 

- 202.4 

2000-6000 8 m e r  a pressure range of 30 t o  351 with a scanning speed of 

500 and 50 R/min. The beam currents were from 160 t o  S O O p  with 250 eV 

electrons. 

The electronic t ransi t ions observed f o r  these radicals were ident ica l  t o  

Emissions were observed from a t d c  hydrogen, CH, CH' and C2. 

the  acetylene experiments. 

greater intensity,  

However, with allene, the  C 2  system appears with 
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3. PRIMARY PHOTOCHEMICAL PROCESSES: METHYLACETYLENE 

The free radicals  observed i n  comets could be produced by the 

simple photodissociation of parent molecules. To provide information on 

the interact ion of solar photons with these parent compounds, w e  have 

been evaluating i n  the laboratory the importance of various primary pro- 

3' cesses i n  the photolysis of the simple molecules CH H 0, and NH 4, 2 
More react ive molecules have also been under investigation and have 

included H202, N2H4, C2H2, etc., since they a re  re la ted  and can be 

synthesized readi ly  from the molecules of primary interest .  

During this quarter, the photolysis of methylacetylene ( C  H ) 3 4  

3 
has been a w n e d  t o  evaluate i t s  role a s  a potent ia l  source of the C 

rad ica l  i n  the coma of comets. 

both near and far u l t rav io le t  radiation. 

photochemical reaction of methylacetylene i n  the banded region1 (1050 t o  

1600 I ) ,  using the 1236 2 K r  l i n e  and the 1470 1 Xe l ine ,  Future exper- 

Experiments will be performed using 

To date, we have studied the 

iments w i l l  examine the photochemical reactions i n  the continuum 

(1600 t o  2000 1) using the 1849 1 Hg l ine.  

The only available information regarding photochemical decom- 

posit ion of methylacetylene i s  that photolysis i n  the near ul t rav io le t2  

of the pure compound a t  7 7 O K  results i n  the formation of the 2-propynyl 

rad ica l  (propargyl radical) ,  presumably formed i n  the process, 

CH3C - = CH+hv.-) CH2C - = CH+H 
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3.1 Results 

Photolysis of methylacetylene in the region 1 to 10 torr leads 

to extensive polymer formation and a drastic decrease in the transmis- 

sion of the window of the photolysis cell, 

we have restricted our attention to the pressure region of 0.2 torr of 

To avoid this complication, 

the pure compound where polymer formation is less extensive, 

yields of product formation and for disappearance of methylacetylene 

Quantum 

have been determined. 

the photolysis at 1470 and 1236 8. 
3.101 

The effect of N2 and C,Db has been examined in 

Photolvsis at 1h70 1 Xe Line 
The results are shown in Table 1. The major products H, and 

The quantum yield 
- 

C2H2 are formed in nearly equal amounts (4  = 0.2), 

for the disappearance of methylacetylene is approximately O,~O, Methane 

is a very minor product. 

The quantum yield for H2 formation is reduced by about 40$ in 
the presence of C2D4, without effecting CH4 production or methylacetylene 

decomposition. 

methylacetylene, although the yield of C2H2 is reduced, 

and propylene are also formed in low yield. 

( C3H7. 2) indicating formation of carbon-rich products (polymer?) 

3.1.2 Photolysis at 1236 K r  Line 

Addition of 1 torr N2 does not prevent decomposition of 

mhane, ethylene, 

The material balance is poor 

The results are shown in Table 2. The major products are 

still H2 and C2H2, although the H2 yield is now twice the C2H2 yield. 

The quantum yield for methylacetylene decomposition is close to 0,25. 
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Methane i s  s t i l l a  very minor product. 

di t ion of 20% C 9 4  has no e f fec t  on the H2 formation, 

t o r r  N 2  does not reduce methylacetylene decomposition; but, as before, 

reduces the acetylene formation, 

Present r e su l t s  suggest t h a t  ad- 

Addition of 1 

Ethane i s  a less important product 

a t  t h i s  wavelength, 

The material balance ( C3H7. 8) again suggests formation of carbon-rich 

products. 

Ethylene and propylene a re  detected i n  low yield. 

30 2 Discussion 

The very low y ie ld  of CH4 demonstrates t ha t  the molecular 

elimination process 

CH3 C - = C -H + hv -> c2 + CH4 

which i s  analogous t o  tha t  suggested f o r  C2H23 and C,,H24, i s  of l i t t l e  

importance i n  these experiments. 

t o  potent ia l  processes leading t o  the major products (H2 and C2H2). 

3.2.1 Molecular Formation of Hydrogen 

The present discussion will be l imited 

The substantial  y ie ld  of H2 i n  the presence of 20% C D 2 4  
(which i s  an effect ive H atom acavenger) suggests the occurrence of 

primary process I, with H2 being removed from e i ther  the  same carbon 

or from the terminal carbon atoms: 

H 
A H 2  + .c - C - = CH 

CH3 C = CH + hv 
\ H 2  + .CH2 C = C. 

- - 
Ia  

I b  

23 



We w i l l  attempt an evaluation of these two processes by studying the 

photolysis of CD3 C = CH. 

of C$4) should y ie ld  D2 according t o  process l a  and HD according t o  

process Ib. 

Photolysis of this compound ( i n  the presence - 

Hydrogen formation in the presence of ethylene could a l so  

r e s u l t  from reaction of hot H atoms. The hydrogen isotopes formed i n  

photolysis of mixture of CD3C - = CH and CH3C - = CH i n  the absence and 

presence of ethylene w i l l  be examined t o  t e s t  this possibil i ty.  

It i s  interest ing t o  note that molecular hydrogen formation 

assumes increased importance a t  the shorter wavelength and i s  evidently 

the  sole source of H2 a t  1236 8. 
3.2.2 Formation of Atomic Hydrogen 

The reduction i n  H2 y ie ld  upon addition of ethylene suggests 

the  occurrence of the prime process I1 with elimination of e i ther  the 

paraffinc or acetylenic hydrogen. 

/.CH2 C CH + H 
CH3 C E CH + hv 

\ CH3 C C. ' +  H 

Both will be followed by the adstraction reaction 

H + CH3 C f CH-) H2 + .CH2 C - = CH 

IIa 

I I b  

Process IIa has been observe$ for > 2000 1. We w i l l  attempt t o  

evaluate the r e l a t ive  importance of these processes by the use of 

CD3 C E CH. 

I I b  (followed by 3) w i l l  y ie ld  HD. 

Process I I a  (followed by 3) w i l l  y i e ld  D2, w h i l e  process 

Correction w i l l  be made, of course, 
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fo r  the nonscavengeable isotopic hydrogens based on the results obtained 

i n  the presence of ethylene. 

3.2.3 Acetylene Formation 

The formation of acetylene i n  the photolysis of methylacetylene 

may be at t r ibuted t o  d i rec t  molecular elimination 

o r  t o  formation of ethynyl radicals  

+ 2H2 

CH3 C = CH + hV-> CH3 + C2H - 

IIIa 

I I I b  

followed by the astract ion reaction 

While C2H reacts  readily with alkanes5 and alkenes6 (and presumably 

alkynes), it apparently i s  unique among f r ee  radicals  i n  i t s  lack of 

reac t iv i ty5  with NO. 

with a large excess of compound which is transparent a t  1470 8. 
immediately suggests i t s e l f  f o r  this purpose. 

CD4 t o  cause the reaction 

Scavenging of C2H would thus have t o  be achieved 

Methane 

Addition of suf f ic ien t  

should result i n  the replacement of C2H2 product by C2HD. 

t o  be determined whether there i s  a pressure e f fec t  by examining the 

photolysis i n  the presence of N2 a t  a pressure equal t o  that used i n  

the  C D 4  experiment. 

It will have 

2 5  



With regard t o  the possible occurrence of process I I I a ,  it 

should be noted tha t ,  i n  the presence of C2D4, cyclopropane-d4 and/or 

propylene-d4 should be formed by inser t ion of methylene i n t o  the  double 

bond of ethylene. T h i s  has not been observed, although with 20;% C2D4 

the principal fa te  of CH2 may s t i l l  be react ion with methylacetylene, 
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